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Abstract 18 
Ever since the introduction of transgenic crops one of the main concerns has been their 19 
potential impact on non-target organisms such as insect herbivores. In this study we 20 
looked at the impact of transgenic disease-resistant wheat on different clones of the 21 
aphid Metopolophium dirhodum. Looking at different clones allowed us to assess 22 
whether impacts depended on aphid clone and whether there were aphid clone x wheat 23 
line interactions (genotype x environment interactions). The performance of 30 aphid 24 
clones on four different transgenic wheat lines and their corresponding control lines was 25 
studied in a life-table experiment assessing the following aphid life-history parameters: 26 
development time, adult weight, daily fecundity, total offspring number and the fitness 27 
estimate Fi’. As expected, we found significant variation among aphid clones for all the 28 
measured life-history parameters. However, our experiments did not reveal any major 29 
impact of the transgenic wheat lines on aphid performance. The only significant 30 
difference was found for total offspring number which was reduced by 3.33% on the 31 
transgenic wheat lines compared to the control lines. There was no evidence for a 32 
genotype x environment interaction between aphid clones and wheat lines. In sum, our 33 
results imply that the genetically modified plants used in this assay were of similar host 34 
plant quality as the non-transformed control lines and that the introduced transgene had 35 
no major effect on the performance of individual aphid clones. 36 
 37 
Zusammenfassung 38 
Eines der Hauptinteressen seit der Einführung transgener Nutzpflanzen ist deren 39 
möglicherwiese negativer Einfluss auf Nicht-Zielorganismen wie zum Beispiel 40 
herbivore Insekten. In dieser Studie untersuchten wir die Auswirkung von krankheits-41 
 3 
resistentem Weizen auf verschiedene Klone der Blattlausart Metopolophium dirhodum. 42 
Indem wir verschiedene Klone untersuchten, konnten wir testen, ob zwischen 43 
Blattläusen und Weizenlinien Genotyp x Umwelt-Interaktionen vorkommen. In einem 44 
„Lebenstafel-Experiment“ verglichen wir die demographischen Parameter 45 
(Entwicklungsdauer, Adultgewicht, durchschnittliche Fekundität pro Tag, totale Anzahl 46 
Nachkommen, Fitnessparameter Fi’) von 30 Blattlausklonen auf vier transgenen 47 
Weizenlinien und deren dazugehörigen Kontrolllinien. Wie erwartet, unterschieden sich 48 
die Blattlausklone genetisch voneineander in allen gemessenen Parametern. Die 49 
Blattläuse auf transgenen Weizenlinien unterschieden sich jedoch praktisch nicht von 50 
jenen auf den Kontrollinien. Der einzige signifikante Unterschied war eine reduzierte 51 
totale Anzahl der Nachkommen auf den transgenen Weizenlinien verglichen mit den 52 
dazugehörigen Kontrolllinien. Wir fanden keine Genotyp x Umwelt-Interaktionen 53 
zwischen Blattlausklonen und Weizenlinien. Diese Resultate zeigen, dass die in 54 
unserem Experiment verwendeten Weizenlinien mit oder ohne Transgen sich 55 
hinsichtlich ihrer Wirtsqualität für M. dirhodum kaum unterscheiden und dass auch die 56 
verschiedenen Blattlausklone keine unterschiedlichen Reaktionen auf die Weizenlinien 57 
zeigen.  58 
 59 
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 62 
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Introduction 63 
The increasing use of genetically modified (GM) crops has raised concerns about their 64 
potential detrimental effects on the environment. Since the identity, metabolism and 65 
genetics of a plant affect the abundance and richness of its consumer species, one of the 66 
main ecological concerns regarding the release of GM crops is their impact on 67 
organisms which are not the target of the introduced transgene, so called non-target 68 
organisms (Conner, Glare & Nap, 2003; Dale, Clarke & Fontes, 2002; Sanvido, Romeis 69 
& Bigler, 2007). Supposedly, plant-dwelling insect herbivores such as aphids are the 70 
species that are most exposed to potential changes in plant quality due to genetic 71 
modification.  72 
 73 
Aphids belong to the world’s major agricultural pests and react sensitively to metabolic 74 
and physiological changes in their host plants. A range of studies showed the crucial 75 
role of not only phloem sap composition (Karley, Douglas & Parker, 2002; Kazemi & 76 
Vanemden, 1992; Sandstrom & Pettersson, 1994; Weibull, 1987) on aphid performance 77 
but also of secondary plant metabolites (Givovich, Sandstrom, Niemeyer & Pettersson, 78 
1994; Leszczynski, Tjallingii, Dixon & Swiderski, 1995; Niemeyer, 1988; Niraz, 79 
Leszczynski, Ciepiela & Urbanska, 1985). Genetic modification can alter the 80 
physiology and metabolism of plants as it has been reported in studies using transgenic 81 
insect-resistant maize (Escher, Käch & Nentwig, 2000; Saxena & Stotzky, 2001; 82 
Zurbrügg, Höhnemann, Meissle, Romeis & Nentwig, 2010). Furthermore, genetic 83 
modification can influence phloem sap composition resulting in a changed aphid 84 
performance (Hunt, Pritchard, Bennett, Zhu, Barrett et al., 2006). Altered aphid 85 
performances have been found on Bt-transgenic plants when compared to their non-86 
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transformed counterparts in some studies (Faria, Wäckers, Pritchard, Barrett & 87 
Turlings, 2007; Lumbierres, Albajes & Pons, 2004) but not in others (Lawo, Wäckers & 88 
Romeis, 2009; Wolfenbarger, Naranjo, Lundgren, Bitzer & Watrud, 2008). Studies with 89 
transgenic winter wheat expressing the coat protein gene from Barley yellow dwarf 90 
virus were reported to be superior hosts for aphids when compared to the non-91 
transformed parental plant (Jimenez-Martinez & Bosque-Perez, 2009). These studies 92 
were all conducted either on the aphid population level or without taking into account 93 
aphid genotypes. The performance of aphids, however, does not only depend on the 94 
host plant but also on the aphid genotype, here referred to as clone.  95 
 96 
The cyclical parthenogenetic life cycle of aphids gives rise to distinct clone lines. 97 
Several studies have shown that life-history parameters can vary among aphid clones 98 
(Dedryver, Hulle, Le Gallic, Caillaud & Simon, 2001; Moran, 1991; Vorburger, 2005). 99 
Frequently, clones differ in their response to various environmental factors such as 100 
parasitoid attack (Ferrari, Muller, Kraaijeveld & Godfray, 2001; Gwynn, Callaghan, 101 
Gorham, Walters & Fellowes, 2005; Henter & Via, 1995; von Burg, Ferrari, Muller & 102 
Vorburger, 2008) and pesticide application (Foster, Harrington, Devonshire, Denholm, 103 
Clark et al., 1997) but also host plant quality (Ferrari, Godfray, Faulconbridge, Prior & 104 
Via, 2006; Mackenzie, 1996). This variation in response to environmental factors is 105 
referred to as genotype x environment interaction (G x E) (Falconer, 1952; Via, 1991) 106 
and implies that different environments, such as host plants, favour different clones. 107 
  108 
In this study we hypothesized that bottom-up effects due to the genetic modification of 109 
the wheat lines can change the performance of individual aphid clones. To our 110 
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knowledge, this is the first study to look at effects of transgenic disease-resistant wheat 111 
on the clonal performance of aphids. We compared a range of life-history parameters of 112 
30 clones of the agriculturally important rose-grain aphid Metopolophium dirhodum 113 
Walker (Aphidinae: Macrosiphini) grown on four different transgenic wheat lines 114 
(Triticum aestivum L.) with a resistance against powdery mildew (Blumeria graminis 115 
f.sp. tritici) to their corresponding non-transgenic isolines and looked for genotype x 116 
environment interactions. Hereby, the 30 aphid clones were treated as the genotypes and 117 
the eight wheat lines as their environments. 118 
 119 
Material & Methods 120 
Aphid clones 121 
During summer 2007 we collected 30 clones of M. dirhodum from seven wheat fields 122 
around Zurich, Switzerland. The minimum distance between any two of the collection 123 
sites of clones within the same field was at least 10 m, which was considered sufficient 124 
to avoid collecting the same clone more than once. From each sample, a single 125 
parthenogenetic female was selected to establish a clone line. The clone lines were kept 126 
on seedlings of the commercially available winter wheat variety Camedo. The caged 127 
plants with the aphid clones were kept in a climate chamber with a light:dark regime of 128 
16:8 hours, at a constant temperature of 22 ˚C with a relative humidity of 60%. These 129 
conditions ensured continuous parthenogenesis. Depending on their collection date, the 130 
aphid clones were in culture for approximately six to twelve parthenogenetic 131 
generations before the experiment began. More detailed information about the clone 132 
lines is provided in Appendix A. 133 
 134 
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Wheat lines 135 
We used four spring wheat lines carrying the transgene Pm3b of wheat (Pm3b #1-4) 136 
which confers specific resistance to wheat powdery mildew (Srichumpa, Brunner, 137 
Keller & Yahiaoui, 2005; Yahiaoui, Srichumpa, Dudler & Keller, 2004) and their 138 
respective non-transgenic control lines (S3b #1-4). The four transgenic and their control 139 
lines are in the following referred to as wheat pairs #1 to #4. 140 
 141 
The wheat lines had been generated by biolistic transformation of the wheat cultivar 142 
Bobwhite SH 98 26 (Pellegrineschi, Noguera, Skovmand, Brito, Velazquez et al., 143 
2002). The Pm3b gene was cloned from hexaploid wheat and expressed under the 144 
control of the maize ubiquitin promoter (Christensen & Quail, 1996). Transformants 145 
were selected on mannose containing media using the phosphomannose isomerase 146 
(PMI) coding gene as selectable marker (Reed, Privalle, Powell, Meghji, Dawson et al., 147 
2001). After regeneration of independent T0 transformants, four T1 segregants were 148 
selected for presence (transgenic lines Pm3b #1-4) or absence (control lines S3b #1-4) 149 
of the Pm3b transgene based on Southern hybridization (Southern, 2006). The 150 
transgenic lines contained one complete copy of the Pm3b (and an additional fragment 151 
in Pm3b #4) which segregated as a single Mendelian locus in the T1 generation. 152 
Homozygous lines of the transgenic and the control sister lines of the fourth generation 153 
of sexual reproduction (T4 seeds) were used in the experiment. Phenotypic expression 154 
of the resistance trait in the GM wheat lines used in our study was confirmed in a 155 
companion study by S. Zeller et al. (unpubl. data).  156 
 157 
Experimental set-up 158 
 8 
We followed the fate of five individual aphids per clone on each wheat line (30 clone 159 
lines x 8 wheat lines x 5 replicates). The five replicates were assigned to five temporal 160 
blocks. Each block contained one replicate per clone x wheat line combination and was 161 
kept in the same climate chamber. Within block, pots were positioned randomly. 162 
Experimental plants were watered twice weekly; once a week a commercial fertiliser 163 
was added to the water (Wuxal; Maag AG, Dielsdorf, Switzerland; 100 g N, 100 g P2O2, 164 
75 g K2O per L). Due to a significantly reduced germination success for wheat pair #4 165 
(F3,32 = 14.79, p < 0.000), the actual number of individuals which comprised the 166 
experiment was 1081 instead of the 1200 that would have been required for a fully 167 
orthogonal design. 168 
 169 
A single first instar aphid nymph was placed on each plant. The used nymphs were all 170 
born within 16 hours. At the time of aphid addition, wheat plants had reached growth 171 
stage 12 according to Zadoks’ scale (Lancashire, Bleiholder, Vandenboom, 172 
Langeluddeke, Stauss et al., 1991; Witzenberger, Hack & Van den Boom, 1989). At 173 
stage 12 the Pm3b transgene is already expressed (pers. comm., S. Brunner, Institute of 174 
Plant Biology, University of Zurich, Zurich, Switzerland). Every 12 hours, the nymphs 175 
were checked for ecdysis. After adult ecdysis, the total development time and aphid 176 
morph (i.e. winged or wingless forms) were recorded. Immediately afterwards we 177 
weighed each aphid on a microbalance (Mettler Toledo, MT5, Greifensee, Switzerland) 178 
to the nearest 0.001mg and returned it to its host plants. Each day, aphid mortality was 179 
checked and twice a week all offspring were counted and removed.  180 
 181 
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The life-history parameters measured and analysed were developmental time, adult 182 
weight, total offspring number and daily fecundity. Daily fecundity was deliberately 183 
defined as the number of offspring produced during the first seven days after having 184 
reached adulthood. Furthermore, an overall estimate of fitness was calculated following 185 
Service and Lenski (1982): 186 
xixi
x
x
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∞
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−
=
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'      187 
FN is an estimate of the finite rate of increase of the entire experimental population over 188 
the duration of one age class. Age class in this experiment refers to the periods in 189 
between the removal of the newborn aphid nymphs (i.e. 3.5 days in this experiment). FN 190 
was iteratively obtained from equation 4 in Lenski and Service (1982). Sxi is the 191 
survivorship of the ith individual to age class x (either one or zero) and Bxi is the number 192 
of offspring born to the ith individual in age class x. Summarizing, Fi’ is an estimate of 193 
the lifetime contribution of the ith individual to population growth. For further details 194 
about the calculation of Fi’ see Service and Lenski (1982) and Vorburger (2005). 195 
 196 
Data analysis 197 
We analysed the five measured life-history parameters separately for the four different 198 
wheat pairs but also in an overall analysis by using linear mixed models based on F 199 
statistics. In both analyses, the separate one and the overall one, a block effect (random) 200 
and aphid morph (fixed) were included as cofactors. The separate models for each 201 
wheat pair included two main effects which were GM (fixed) and clone (random) as 202 
well as their interaction GM x clone (random). The overall analysis included the main 203 
effects wheat pair (fixed), GM (fixed) and clone (random) as well as all their two- and 204 
three-way interactions.  205 
 10 
 206 
Further, we calculated the correlation coefficients between mean clone performances on 207 
transgenic and control wheat lines for each of the four pairs as well as for overall GM 208 
and overall controls. Such correlations represent an approximation of the cross-209 
environmental genetic correlation (Via, 1991; Via & Hawthorne, 2002).  210 
 211 
At different steps in the experiment aphids died and therefore the sample sizes of the 212 
different analyses varied. None of the dependent variables were transformed, as they 213 
already met the assumptions of normality and homoscedasticity of residuals, except for 214 
total offspring number which was transformed to the power of two (y2). 215 
 216 
All the statistical calculations were done with the open source statistical software R 217 
version 2.7.0 for windows (R Development Core Team 2008). 218 
 219 
Results 220 
Of the 1081 aphids at the beginning of the experiment, only 31 aphids (less than 3%) 221 
did not survive to adulthood. These non-adult mortalities were independent of the wheat 222 
lines. As expected, we found significant variation among aphid clones for all life-223 
history parameters and aphid morph influenced all the life-history parameters except 224 
adult weight (Table 1). Winged morphs did have a longer development time, a lower 225 
daily fecundity, produced less total offspring and had a lower estimate of overall fitness 226 
Fi’. 227 
 228 
Pairwise comparison 229 
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With two exceptions we did not find any effect of the transgenic wheat lines on aphid 230 
life history when compared to the corresponding non-transgenic control lines for each of 231 
the four pairs of wheat lines (Fig 1). The exceptions were development time which 232 
tended to be longer on the transgenic plants of wheat pair # 1 compared to the control 233 
line (Pm3b #1 vs. S3b #1; F1,213 = 2.777, p = 0.097, Fig 1A) and total offspring number 234 
which was significantly lower on transgenic than on control plants of wheat pair #4 235 
(Pm3b #4 vs. S3b #4; F1,139 = 3,917, p = 0.050, Fig 1D). 236 
 237 
In no case did we find an aphid clone x GM interaction which means that the direction 238 
of the response variables was the same for the wheat lines within a pair. This was 239 
confirmed by the calculated correlation coefficients which did not reveal any trade-offs 240 
neither for any of the four wheat pairs nor for the overall GM effect compared to the 241 
control lines. Instead, most of the life-history parameters showed a significant positive 242 
correlation (Table 2). 243 
 244 
Overall analysis 245 
Similar results were found in the overall analysis (across all four wheat pairs). The 246 
overall factor GM significantly affected total offspring number (F1,29 = 8.70, p = 0.006). 247 
Aphids on the control plants produced 3.33% more offspring than aphids on the GM 248 
plants (total offspring number: 60 ± 0.71 vs. 58 ± 0.64). The remaining life-history 249 
parameters did not differ although there was a general tendency for an increased 250 
development time and a decreased adult weight on the GM plants compared to the 251 
control plants (development time: F1,29 = 3.60, p = 0.068; adult weight: F1,29 = 3.19, p = 252 
0.084). None of the tested interactions was significant.  253 
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 254 
Discussion 255 
In this study we hypothesized that life-history variation among clones of the aphid M. 256 
dirhodum might be correlated with the occurrence of a transgene for mildew resistance 257 
in their wheat host plants. While we did find strong life-history variation among clones 258 
and weak evidence for transgene effects on total offspring number of aphids, there was 259 
no evidence for genotype x environment interactions for any of the life-history 260 
parameters measured on the aphids. Effects of the transgene on the performance of 261 
aphid clones could have been expected based on direct bottom-up effects such as 262 
changed food quality of GM wheat. Indirect effects such as decreased mildew infection 263 
making GM plants more attractive to aphids could also result in an altered aphid 264 
performance (von Burg et al., unpubl. data). However, in the present study we can rule 265 
out this possibility because the plants were kept under controlled conditions without 266 
mildew infection. Thus, the significantly lower number of offspring produced on the 267 
transgenic lines suggests that the transgene did lead to some metabolic changes that had 268 
bottom-up effects on the feeding aphids. However, the fact that we could not detect any 269 
variation among the 30 aphid clones further suggests that the nutrient quality of wheat 270 
was not perceivably altered for aphids by the genetic transformation.  271 
 272 
The observation of significant genetic variation for all measured life-history parameters 273 
among the 30 aphid clones used in this study is consistent with other studies which 274 
found genetic variation among aphid clones for a range of traits (Dedryver et al., 2001; 275 
Ferrari et al., 2006; Ferrari et al., 2001; Gwynn et al., 2005; Henter et al., 1995; 276 
Mackenzie, 1996; Moran, 1991; von Burg et al., 2008; Vorburger, 2005). Nevertheless, 277 
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genetic variation in life-history traits and in particular in life-time fitness, is difficult to 278 
explain. In the long term or across a broader range of host environments the fitness 279 
ranking of the clones would have to change or the variation observed here should 280 
disappear due to selection. We point to the cited studies for discussion of the potential 281 
mechanisms that maintain such genetic variation in life-history traits. 282 
 283 
To conclude we want to emphasize that studies of plant-insect interactions and their 284 
ecology are important to understand how these interactions shape insect herbivore 285 
communities. The use of transgenic plants opens up a whole range of new research 286 
questions, which are not necessarily questions about potential environmental risks of the 287 
novel plants (Raybould, 2010). In this study we wanted to find out if and how 288 
transgenic powdery mildew-resistant wheat affects the non-target aphid M. dirhodum 289 
and whether there are aphid clone x wheat lines (G x E) interactions. However, we 290 
could not detect any major effects of the transformed wheat line on a range of life-291 
history parameters in this detailed laboratory study. This suggests that the genetic 292 
transformation did not alter the quality of the wheat plants as hosts for the aphid M. 293 
dirhodum. 294 
 295 
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 309 
Table 1. This table shows the test statistics for the aphid clone and morph effect on the 310 
different life-history parameters. We used linear mixed models based on F statistics 311 
with aphid morph entering as a fixed effect and aphid clone as a random effect.  312 
Source of variation   nom. d.f. denom. d.f. F P 
Clone Development time 25 87 3.93 <0.001 
 Adult weight 25 87 3.29 <0.001 
 Daily fecundity 25 87 5.00 <0.001 
 Total offspring number 25 87 5.41 <0.001 
 
Fi' 25 87 2.97 <0.001 
Aphid morph Development time 1 806 64.07 <0.001 
 Adult weight 1 804 1.13 0.288 
 Daily fecundity 1 776 51.68 <0.001 
 Total offspring number 1 793 28.92 <0.001 
  
Fi' 1 806 70.81 <0.001 
 313 
 314 
 315 
 316 
 317 
 318 
 319 
 320 
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Table 2. Correlations of the clone means of Metopolophium dirhodum life-history 321 
parameters on four Pm3b-transgenic wheat lines and their corresponding non-transgenic 322 
control lines (wheat pairs #1-4) as well as for the data on overall GM versus overall 323 
controls. Shown are the correlation coefficients, r. All traits are positively correlated 324 
except Fi’ for pair #4. Significant correlations are shown in bold and significance levels 325 
are indicated by asterisks. 326 
 Parameters Pair #1 Pair #2 Pair #3 Pair #4 GM vs control 
Development time 0.577 *** 0.545 ** 0.355 * 0.383 * 0.818 *** 
Adult weight 0.037 0.419 * 0.181 0.377 0.561 *** 
Daily fecundity 0.455 * 0.397 * 0.468 ** 0.318 0.725 *** 
Total offspring number 0.218 0.612 *** 0.374 * 0.282 0.621 *** 
Fi' 0.616 *** 0.431 * 0.159 -0.040 0.600 *** 
* p < 0.05; ** p < 0.01; *** p < 0.001    
 327 
 328 
 329 
 330 
 331 
 332 
 333 
 334 
 335 
 336 
 337 
 338 
 339 
 340 
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Figure 1: Mean differences of the measures made on the transgenic plants and the 341 
control plants. 342 
Pa
ir 
#1
Pa
ir 
#2
Pa
ir 
#3
Pa
ir 
#4
(A) development time [d]
M
ea
n
 
dif
fe
re
n
ce
-
0.
3
-
0.
1
0.
1
0.
3
Pa
ir 
#1
Pa
ir 
#2
Pa
ir 
#3
Pa
ir 
#4
(B) adult weight [mg]
M
ea
n
 
dif
fe
re
n
ce
-
0.
10
0.
00
0.
10
Pa
ir 
#1
Pa
ir 
#2
Pa
ir 
#3
Pa
ir 
#4
(C) daily fecundity [ind./day]
M
ea
n
 
dif
fe
re
n
ce
-
0.
3
-
0.
1
0.
1
0.
3
Pa
ir 
#1
Pa
ir 
#2
Pa
ir 
#3
Pa
ir 
#4
(D) total offspring [ind.]
M
ea
n
 
di
ffe
re
n
ce
-
10
-
5
0
5
10
Pa
ir 
#1
Pa
ir 
#2
Pa
ir 
#3
Pa
ir 
#4
(E) Fi'
M
ea
n
 
di
ffe
re
n
ce
-
0.
6
-
0.
2
0.
2
0.
6
 343 
Figure 1. Analysis of five Metopolophium dirhodum life-history parameters on four 344 
different Pm3b-transgenic wheat lines and their respective non-transgenic controls 345 
(wheat pair #1-4). Shown are the mean differences of the measures made on the 346 
transgenic plants and the control plants for (A) development time [days], (B) adult 347 
weight [mg], (C) daily fecundity [ind./day], (D) total offspring [ind.], and (E) Fi’. Error 348 
bars denote 95% confidence intervals. The mean differences were obtained by 349 
subtracting the values measured on the control plants from the values measured on the 350 
GM plants. Hence, negative differences stand for smaller measured values on the GM 351 
plants whereas positive differences are associated with higher measured values on the 352 
GM plants when compared to the control plants. 353 
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Appendix A. Detailed list of the 30 Metopolophium dirhodum clone lines used in the experiment, including collection 354 
site, collection date and the average measures for the assessed life-history parameter ± SEM.  355 
Clone Collection site Collection date Development time [d] Adult weight [mg] Daily fecundity  Total offspring Fi' 
1.10 Katzensee 20.06.2007 8.15 ± 0.12 0.93 ± 0.02 4.41 ± 0.11 63.40 ± 2.05 2.67 ± 0.14 
1.11 Reckenholz 28.06.2007 8.41 ± 0.15 0.96 ± 0.03 4.33 ± 0.16 64.00 ± 2.31 2.48 ± 0.19 
1.12 Katzensee 20.06.2007 8.28 ± 0.13 0.93 ± 0.03 4.19 ± 0.15 49.26 ± 2.70 2.21 ± 0.15 
1.13 Waidhof 23.06.2007 8.28 ± 0.13 0.97 ± 0.04 4.60 ± 0.14 64.81 ± 2.28 2.55 ± 0.15 
1.14 Katzensee 24.06.2007 8.30 ± 0.14 0.97 ± 0.03 4.50 ± 0.16 59.73 ± 2.03 2.58 ± 0.14 
1.15 Katzensee 24.06.2007 8.36 ± 0.13 0.99 ± 0.03 4.59 ± 0.13 61.70 ± 1.42 2.59 ± 0.13 
1.16 Katzensee 24.06.2007 8.39 ± 0.13 1.00 ± 0.03 4.43 ± 0.17 51.40 ± 2.31 2.35 ± 0.18 
1.17 Katzensee 24.06.2007 8.74 ± 0.13 0.97 ± 0.04 4.44 ± 0.16 59.38 ± 3.27 2.20 ± 0.16 
1.18 Katzensee 24.06.2007 8.47 ± 0.14 0.90 ± 0.04 4.36 ± 0.17 57.82 ± 2.13 2.46 ± 0.15 
1.19 Waidhof 23.06.2007 8.28 ± 0.13 1.02 ± 0.04 4.63 ± 0.16 63.19 ± 1.82 2.56 ± 0.18 
1.20 Reckenholz 12.07.2007 8.78 ± 0.21 0.87 ± 0.03 3.87 ± 0.17 56.94 ± 3.46 1.95 ± 0.19 
1.21 Reckenholz 12.07.2007 8.83 ± 0.38 0.96 ± 0.04 4.82 ± 0.13 58.76 ± 2.47 2.56 ± 0.14 
1.22 Reckenholz 12.07.2007 8.39 ± 0.13 1.06 ± 0.03 4.63 ± 0.15 59.17 ± 1.95 2.66 ± 0.14 
1.23 Reckenholz 12.07.2007 8.44 ± 0.19 0.83 ± 0.03 4.18 ± 0.18 61.63 ± 2.48 2.34 ± 0.14 
1.26 Reckenholz 28.06.2007 8.27 ± 0.15 0.99 ± 0.04 4.02 ± 0.18 56.78 ± 3.28 2.25 ± 0.17 
1.27 Reckenholz 05.07.2007 8.24 ± 0.17 0.88 ± 0.03 4.32 ± 0.14 51.44 ± 3.15 2.28 ± 0.18 
1.28 Reckenholz 05.07.2007 8.21 ± 0.14 0.95 ± 0.03 4.51 ± 0.15 56.00 ± 2.17 2.49 ± 0.16 
1.29 Reckenholz 05.07.2007 8.09 ± 0.15 0.96 ± 0.03 3.96 ± 0.18 61.91 ± 2.47 2.45 ± 0.16 
1.30 Reckenholz 05.07.2007 8.85 ± 0.19 0.88 ± 0.02 3.69 ± 0.16 54.34 ± 2.44 1.78 ± 0.16 
1.32 Reckenholz 05.07.2007 8.85 ± 0.17 0.96 ± 0.03 3.91 ± 0.18 56.03 ± 3.60 1.94 ± 0.17 
1.33 Reckenholz 05.07.2007 8.00 ± 0.19 0.96 ± 0.04 4.36 ± 0.17 59.48 ± 2.89 2.64 ± 0.17 
1.34 Reckenholz 05.07.2007 8.48 ± 0.20 0.92 ± 0.04 4.12 ± 0.17 56.44 ± 2.59 2.11 ± 0.15 
1.35 Reckenholz 05.07.2007 8.50 ± 0.15 0.96 ± 0.03 4.37 ± 0.13 56.18 ± 2.04 2.22 ± 0.15 
1.36 Reckenholz 05.07.2007 7.92 ± 0.16 1.02 ± 0.04 4.22 ± 0.14 63.05 ± 2.60 2.70 ± 0.17 
1.37 Waidhof 23.06.2007 7.93 ± 0.14 1.02 ± 0.03 4.34 ± 0.18 60.26 ± 3.07 2.57 ± 0.14 
1.38 Reckenholz 28.06.2007 8.47 ± 0.17 0.93 ± 0.04 4.16 ± 0.19 64.31 ± 2.80 2.22 ± 0.17 
1.39 Käferberg 22.06.2007 8.37 ± 0.16 0.96 ± 0.02 4.16 ± 0.15 61.00 ± 1.99 2.41 ± 0.13 
1.40 Reckenholz 28.06.2007 8.06 ± 0.13 0.97 ± 0.03 4.15 ± 0.16 64.69 ± 3.18 2.48 ± 0.16 
1.41 Käferberg 22.06.2007 8.42 ± 0.14 0.89 ± 0.04 4.28 ± 0.18 50.94 ± 3.07 2.09 ± 0.18 
1.42 Reckenholz 28.06.2007 8.02 ± 0.12 0.96 ± 0.03 4.08 ± 0.17 58.13 ± 3.28 2.06 ± 0.19 
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